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OXYGEN SENSING ELEMENT USED IN AN OXYGEN 
SENSOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a heater-equipped oxygen sensing 
element which is preferably installed in an internal combustion engine to detect 
the concentration of oxygen gas involved in the exhaust gas and control an air- 
fuel ratio of the internal combustion engine. 

To control the air-fuel ratio, internal combustion engines have oxygen 
sensing elements provided in their exhaust passages. 

For example, a conventional oxygen sensing element comprises a cup- 
shaped solid electrolytic body having an inside space serving as a reference 
chamber, a sensing electrode provided on an outer surface of the solid 
electrolytic body so as to be exposed to measuring gas, and a reference 
electrode provided on an inner surface of the solid electrolytic body. The 
sensing electrode and the reference electrode may extend entirely or partly on 
the inner and outer surfaces of the solid electrolytic body (refer to Unexamined 
Japanese Patent Application No. SHO 58-73857). 

Furthermore, an electric heater is disposed in the reference chamber. This 
kind of oxygen sensing elements do not operate properly until their temperature 
reaches a predetermined temperature level. Thus, the heater is usually equipped 
to quickly increase the temperature of the oxygen sensing element when the 
ambient temperature is low, thereby reducing a deactivated duration and 
correctly measuring the oxygen concentration. 

However, this kind of conventional oxygen sensing elements have the 
following problems. 

The outer surface of the oxygen sensing element has a gas receiving 
surface region extending from a distal end of the sensing element to a position 
spaced by a distance L away from the distal end of the sensing element. The 
gas receiving surface region is exposed to the measuring gas whose 
temperature increases to a higher temperature level during the operation of this 
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sensing element. 

When the sensing electrode and the reference electrode are formed 
entirely on the outside and inside surfaces of the solid electrolytic body, the 
oxygen sensing element produces a sensor signal equivalent to a composite 
output from a plurality of electric circuits sequentially arranged from a high- 
temperature section to a low-temperature section along an entire surface of the 
solid electrolytic body. When the oxygen sensing element has a low- 
temperature portion, its sensor output and response will deteriorate due to 
insufficient activation at the low-temperature portion. 

Furthermore, similar problems may arise even when the sensing 
electrode arid the reference electrode are formed partly on the outer and inner 
surfaces of the solid electrolytic body. For example, when these electrodes are 
located in the low-temperature region, the sensor will produce an inaccurate 
sensor output due to insufficient activation at the low-temperature portion. 

The oxygen sensing elements, when installed in the exhaust passage of 
an internal combustion engine, need to produce an accurate sensor output 
within a short period of time after the internal combustion engine starts its 
operation. To satisfy this requirement, the oxygen sensing elements must 
operate properly with a short dead time which is required for the heater to 
increase the temperature of the solid electrolytic body to a predetermined active 
level. These requirements were difficult goals to attain for the conventional 
oxygen sensing elements. 

SUMMARY OF THE INVENTION 

In view of the conventional problems, the present invention has an object 
to provide an oxygen sensing element that is rapid in activation and excellent 
in response. 

To accomplish this and other related objects, one aspect of the present 
invention provides an oxygen sensing element comprising a cup-shaped solid 
electrolytic body with one end closed and an inside space serving as a reference 
gas chamber, a sensing electrode provided on an outer surface of the solid 
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electrolytic body so as to be exposed to measuring gas, a reference electrode 
provided on an inner surface of the solid electrolytic body, and a heater 
disposed in the inside space of the reference gas chamber. A contact portion 
comprises a region where the heater is brought into contact with the inner 
5 surface of the solid electrolytic body and an opposing region on the outer 
surface of the solid electrolytic body. The sensing electrode includes at least 
part of the contact portion. A gas receiving surface region, exposed to the 
measuring gas when the oxygen sensing element is operated, is provided on the 
outer surface of the oxygen sensing element so as to extend from a distal end 
10 of the oxygen sensing element to a position spaced by a distance L away from 
the distal end of the oxygen sensing element. At least part of the contact 
portion is located in a region extending from the distal end of the oxygen 
sensing element to a position spaced by a distance 0.4L away from the distal 
end of the oxygen sensing element. And, the sensing electrode is entirely 
Ji 15 located in a region extending from the distal end of the oxygen sensing element 

to a position spaced by a distance 0.8L away from the distal end of the oxygen 
sensing element. 

With this arrangement, the inner surface is brought into contact with the 
heater at the contact portion. The sensing electrode includes at least part of the 
| 20 contact portion. Fig. 5 shows the contact portion including an inner point "Pi" 

where the heater is brought into contact with the inner surface of the solid 
electrolytic body and an outer point "Po" opposing the inner point "Pi" via the 
solid electrolytic body, together with a neighboring region including the 
vicinity of these points "Pi" and "Po." 
25 The contact portion on the inner surface may be a point (or points), a line 

(or lines), or a surface (or surfaces) which depends on the contact condition 
between the heater and the inner surface. The heater may be brought into 
contact with the inner surface at a single portion or a plurality of portions. 

The gas receiving surface region is directly exposed to the measuring gas 
30 when the oxygen sensing element is operated. The gas receiving surface region 
has a neighbored surface region that is not exposed to the measuring gas. A 
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clearance between the gas receiving surface region and the neighbored surface 
region is sealed by a packing, such as a metallic spring, which is capable of 
preventing gas leakage. 

At least part of the contact portion is located in the region extending 
from the distal end of the oxygen sensing element to the position spaced by the 
distance 0.4L away from the distal end of the oxygen sensing element. If the 
contact portion is located at an altitudinal level higher than this region, heat 
leakage toward the upper low-temperature region of the oxygen sensing 
element will increase. This will result in insufficient temperature increase at the 
contact portion. Activation of the oxygen sensing element will be delayed. 

The sensing electrode is entirely located in the region extending from the 
distal end of the oxygen sensing element to the position spaced by the distance 
0.8L away from the distal end of the oxygen sensing element. If the sensing 
electrode is not completely located in this region, the sensing electrode 
temperature may decrease locally. Such a local temperature reduction will 
result in deteriorated response in the sensor performance. 

The heater includes a resistor element generating heat in response to 
supplied electric power. It is preferable that the heat-generating resistor 
element opposes the measuring electrode. With this arrangement, it becomes 
possible to effectively heat the sensing electrode, enhancing the activity of the 
oxygen sensing element. 

The oxygen sensor of the present invention operates in the following 
manner. The inner surface of the oxygen sensing element is brought into 
contact with the heater at the contact portion. The sensing electrode includes 
at least part of the contact portion. 

Heat generated from the heater is directly transmitted to the sensing 
electrode via the inner surface and the solid electrolytic body. Thus, the sensing 
electrode is directly heated by the heater. Accordingly, the present invention 
reduces the activation time required from initiation of heating by the heater to 
generation of an accurate sensor signal from the activated sensing element. 

The contact portion is located in the region extending from the distal end 
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of the oxygen sensing element to the position spaced by the distance 0.4L away 
from the distal end of the oxygen sensing element. With this arrangement, it 
becomes possible to reduce the heat leakage toward the upper low-temperature 
region of the oxygen sensing element. Thus, the heating efficiency is improved. 

The sensing electrode is entirely located in the region extending from the 
distal end of the oxygen sensing element to the position spaced by the distance 
0.8L away from the distal end of the oxygen sensing element. Thus, the sensing 
electrode can maintain a high temperature during operation of the sensing 
element (refer to Fig. 8), realizing uniform temperature distribution and 
satisfactory response. The activation time is shortened. 

The present invention provides an oxygen sensing element rapid in 
activation and excellent in response. 

As the sensing electrode is partly provided on the solid electrolytic body, 
the total cost for the electrode is low compared with a case where the electrode 
is entirely formed on the surface of the solid electrolytic body. 

The sensing electrode may be formed at the distal end of the sensing 
element, or may be formed along a cylindrical side portion of the sensor body 
other than the distal end as shown in Fig. 15. 

It is preferable that the electrode area is larger than 2 mm 2 . If the 
electrode area is less than 2 mm 2 , an obtained sensor output will be insufficient. 

According to the present invention, it is preferable that sensing electrode 
and the reference electrode are in a confronting relationship via the solid 
electrolytic body. 

The sensor output is obtained when oxygen ion current flows between 
the sensing electrode and the reference electrode. From the functional view 
point, a portion of the electrode can be omitted if this portion is offset from an 
opponent electrode. Both the sensing electrode and the reference electrode are 
made of a noble metal or the like. 

Accordingly, the present invention reduces the total amount of the 
electrode material and therefore reduced the total cost of the oxygen sensing 
element. 
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According to the present invention, it is preferable that an external lead 
electrode extends on the outer surface of the solid electrolytic body to transmit 
a sensing signal of the sensing electrode to the outside, and the external lead 
electrode has a circumferential width in a range from 0.1 mm to 5 mm. 

The external lead electrode shrinks when it is exposed to the high- 
temperature gas. If the width of the external electrode is less than 0.1 mm, the 
external lead electrode may be broken due to the progress of shrinkage. 

On the other hand, if the width of the external electrode exceeds 5.0 mm, 
the sensor output and response may deteriorate due to the influence of the low- 
temperature portion of the external lead electrode. 

It is possible to provide a plurality of external lead electrodes, since the 
total number of the external lead electrodes is not limited to a specific number. 
In this case, it is preferable that the sum of the widths of the plurality of 
external lead electrodes is less than 5.0 mm. 

The external lead electrode can be formed by plating, paste printing, 
sputtering, or evaporation. 

According to the present invention, it is preferable that an internal lead 
electrode extends on the inner surface of the solid electrolytic body to transmit 
a reference signal of the reference electrode to the outside, and the internal lead 
electrode and the external lead electrode are in an offset relationship via the 
solid electrolytic body. 

This offset arrangement is effective to reduce the oxygen ion current 
flowing between the internal lead electrode and the external lead electrode. 
Adverse influence given to the sensor output is reduced, and the response of 
the oxygen sensing element is improved. 

According to the present invention, it is preferable that the sensing 
electrode is formed by chemical plating. 

In general, chemical plating, conductive paste printing, sputtering or 
evaporation is preferably used in the formation of various electrodes. 

The electrode formed by the chemical plating has excellent surface 
energy and catalytic activity because of a sintering temperature lower than that 
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of the paste electrode. The response is higher. 

Furthermore, compared with the electrode formed by sputtering or 
evaporation, the electrode formed by the chemical plating has numerous fine 
pores which contribute the diffusion of oxygen and therefore improve the 
response. 

Prior to the chemical plating, a noble metallic nucleus of a predetermined 
pattern is provided on the outer surface of the solid electrolytic body. 
Subsequently, the, chemical plating is performed on the solid electrolytic body 
to form an electrode having the same pattern as that of the noble metallic 
nucleus. Even a complicated sensing electrode can be easily formed. 

The noble metallic nucleus is formed in the following manner. 

An organo-metallic paste containing a noble metal is printed in a 
predetermined pattern on the surface of the solid electrolytic body. Then, heat 
treatment is performed to remove the binder and decompose the noble metal 
containing organometal, thereby forming the noble metallic nucleus by the 
noble metal depositing on the surface. 

The organometallic paste may contain a di-benzylidene platinum. The 
noble metal may be Pt, Pd, Au, or Rh. 

The reference electrode may be formed by chemical plating, conductive 
paste printing, sputtering or evaporation. 

Furthermore, the present invention has an object to provide an oxygen 
sensing element excellent in response and in thermal durability. 

To accomplish this and related objects, another aspect of the present 
invention provides an oxygen sensing element comprising a solid electrolytic 
body, a reference gas chamber provided in the solid electrolytic body, a sensing 
electrode provided on an outer surface of the solid electrolytic body, a 
reference electrode provided on an inner surface of the solid electrolytic body 
which defines the reference gas chamber. A gas receiving surface region, 
exposed to measuring gas when the oxygen sensing element is operated, is 
provided on the outer surface of the oxygen sensing element so as to extend 
from a distal end of the oxygen sensing element to a position spaced by a 
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distance L away from the distal end of the oxygen sensing element. The sensing 
electrode has a length LI equal to or larger than 0.2L in a longitudinal direction 
of the oxygen sensing element. The sensing electrode is entirely located in a 
region extending from the distal end of the oxygen sensing element to a 
5 position spaced by a distance 0.8L away from the distal end of the oxygen 
sensing element. And, the sensing electrode has a thickness of 0.5-3.0 jurn. 

According to this arrangement of the present invention, the sensing 
electrode has the length LI equal to or larger than 0.2L in the longitudinal 
direction of the oxygen sensing element. The sensing electrode is entirely 
10 located in the region extending from the distal end of the oxygen sensing 
element to the position spaced by the distance 0.8L away from the distal end 
of the oxygen sensing element. And, the sensing electrode has the thickness of 
0.5-3.0 jum. The distal end of the oxygen sensing element is an end portion 
protruding toward the measuring gas (refer to Fig. 19). 
p 15 If the length LI is less than 0.2L, the sensing electrode will shrink due 

to high-temperature heat and may cause the breaking. The sensor output and 
D the response will be lowered. 

A preferable upper limit of the length LI is 0.8L. If the length LI 
exceeds 0.8L, the sensor response may deteriorate. 
O 20 If the thickness of the sensing electrode is less than 0.5 /urn, the sensing 

electrode will shrink due to high-temperature heat and may cause the breaking. 
If the thickness is larger than 3.0 jum, the oxygen gas will not diffuse and 
penetrate well in the sensing electrode. Thus, the sensor response will be 
worsened. 

25 According to the oxygen sensing element of the second aspect of the 

present invention, the length LI of the sensing electrode is equal to or larger 
than 0.2L. This arrangement provides the sensing electrode having a sufficient 
area to prevent undesirable thermal shrinkage even when it is subjected to high- 
temperature gas for a long time. The breaking of the sensing electrode can be 
30 prevented. Thus, it becomes possible to provide an oxygen sensing element 
having excellent thermal durability. 
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The sensing electrode is entirely located in the region extending from the 
distal end of the oxygen sensing element to the position spaced by the distance 
0.8L away from the distal end of the oxygen sensing element, when "L" 
represents the length of the gas receiving surface region where the solid 
electrolytic body is exposed to the sensing gas. 

In general, the oxygen sensing element is assembled in an oxygen sensor. 
The oxygen sensor has a portion exposed to the measuring gas and a portion 
exposed to the reference gas. A metallic packing is provided to seal the 
boundary between them when the oxygen sensing element is installed. The 
metallic packing is adjacent to the edge of the gas receiving surface region on 
the oxygen sensing element, and prevents the measuring gas from advancing 
beyond this edge portion. 

The measuring gas flows at a reduced speed in a region exceeding the 
0.8L position due to the presence of the metal packing. If the sensing electrode 
is provided in this region, the sensor output will deteriorate. 

Accordingly, it becomes possible to obtain an oxygen sensing element 
having satisfactory response by providing the sensing electrode in the region 
not exceeding the 0.8L position. In this case, the 0.8L position is included in 
the desirable region for the sensing electrode. 

Furthermore, according to the present invention, the sensing electrode 
has the thickness of 0.5-3.0 /urn. This arrangement makes it possible to allow 
the measuring gas to diffuse and penetrate well in the sensing electrode. Thus, 
it becomes possible to obtain an oxygen sensing element having excellent 
response. 

According to the above-described arrangement of the present invention, 
it becomes possible to provide an oxygen sensing element excellent in response 
and thermal durability. 

The oxygen sensing element of the present invention is applicable to a 
oxygen concentration cell type oxygen sensor or a limiting-current type oxygen 
sensor. The sensing electrode may be an electrode formed at the distal end 
region of the oxygen sensing element (refer to Fig. 19) or, alternatively, can be 



Page 9 



a ring electrode formed along an outer surface of the solid electrolytic body 
except the distal end (refer to Fig. 30). Furthermore, the ring electrode can be 
replaced by a partly provided electrode (refer to Figs. 31A and 31B). 

The sensing electrode and the reference electrode are connected to 
terminal portions via lead portions to transmit sensing and reference signals to 
the outside. 

Each electrode and associated lead and terminal portions can be 
fabricated integrally. The reference electrode and associated lead and terminal 
portions can be fabricated by chemical plating, paste printing, sputtering, or 
evaporation. The sensing electrode and associated lead and terminal portions 
can be fabricated in the same manner by using the same method. 

It is preferable that the sensing electrode is a noble metallic electrode 
including at least one noble metal having catalytic activity, for example, 
selected from the group consisting of Pt, Pd, Au and Rh. 

It is preferable that the lead portion of the sensing electrode and the lead 
portion of the reference electrode are not in an opposed relationship (refer to 
Fig. 20B). With this arrangement, it becomes possible to prevent a low- 
temperature lead portion from giving an adverse influence to the sensor output, 
thereby improving the sensor response. 

It is also preferable that the gas receiving surface region is covered by 
a single layer or a plurality of layers so that the gas receiving surface region is 
indirectly exposed to the measuring gas. 

Furthermore, it is preferable that the oxygen sensing element has the 
heater which comprises the heat generating portion accommodating the resistor 
element generating heat in response to supplied electric power. The sensing 
electrode is positioned at the position opposing to at least the central position 
of the heat generating portion in the longitudinal direction of the oxygen 
sensing element. And, the heat generating portion has the length L2 in the 
longitudinal direction of the oxygen sensing element so as to satisfy the 
relationship 1.0 < L1/L2 < 4.0. 

As understood from later-described Fig. 23, the central position of the 
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heat generating portion is a highest temperature portion. Disposing the sensing 
electrode at the position opposing to the central position of the heater is 
effective to increase the heating efficiency and the response of the heater. 

When the heat generating portion satisfied the relationship 1.0 < L1/L2 
< 4.0, it becomes possible to provide an oxygen sensing element excellent in 
response and thermal durability. 

If the ratio L1/L2 is smaller than 1.0, the sensing electrode may shrink 
when subjected to high-temperature environment heated by the heater. 

On the other hand, if the ratio L1/L2 is larger than 4.0, the temperature 
distribution in the longitudinal direction of the sensing electrode will have a 
large temperature difference due to presence of a low-temperature region. The 
low-temperature region will give adverse influence to the sensor output and 
deteriorate the response. 

The heater may have a rod body, a flat platelike body, or the like. 

Furthermore, it is preferable that the heat generating portion has the 
length L2 in the range of 3-12 mm. 

With this arrangement, the generated heat can be effectively transmitted 
to the distal end region of the oxygen sensing element. When the oxygen 
sensing element is used to detect the oxygen concentration in the exhaust 
passage of an automotive vehicle, a dead time of the oxygen sensor can be 
shortened. In this case, the dead time is a period of time required for the 
activation of the oxygen sensing element until the oxygen sensing element 
operates properly after the engine is started up. 

If the length L2 is less than 3 mm, the resistor element will be short 
correspondingly. Accordingly, the resistor element will have an insufficient 
resistance value. Generated heat will be unsatisfactory. 

On the other hand, if the length L2 is larger than 12 mm, it takes a long 
time to increase the temperature of the heater. In other words, activation time 
is long. The activation time is a period of time required for the oxygen sensing 
element to reach a predetermined activation temperature from an ordinary 
temperature. The oxygen sensing element can operate properly only when the 
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temperature exceeds the activation temperature. 

Furthermore, it is preferable that the length L of the gas receiving surface 
region is in the range of 15-30 mm. With this arrangement, it becomes possible 
to reduce the temperatures of neighboring metallic parts. This is advantageous 
when the oxygen sensor is installed in an automotive vehicle. 

As described above, the oxygen sensing element is used as a component 
of an oxygen sensor. The inside space of the oxygen sensor is separated into a 
portion where the measuring gas flows and a portion where air serving as the 
reference gas flows. The boundary between two portions is sealed. The sealed 
portion is adjacent to the edge of the gas receiving surface region. 

When the length L of the gas receiving surface region is less than 15 
mm, the sealed portion is positioned closely to the heat generating portion of 
the heater. The temperature of the sealed portion will be increased to a higher 
value. 

In general, the seal of the oxygen sensing element is an assembly of 
metallic members which are elastically deformable. Thus, there is the 
possibility that the sealed portion may deteriorate when the environmental 
temperature of the sealed portion exceeds the durable limit of the metallic 
members. The measuring gas will be mixed with the reference gas, rendering 
the detection of the oxygen concentration inaccurate. 

On the other hand, if the length L is larger than 30 mm, enlarged covers 
will be required for covering the oxygen sensing element (refer to Fig. 23). The 
large-sized oxygen sensor is not desirable when an installation space is limited. 

Furthermore, it is preferable that the sensing electrode is fabricated by 
chemical plating. 

The sensing electrode fabricated by the chemical plating has excellent 
response. According to the chemical plating, the plating film is sintered at a 
low temperature. This is effective to form an electrode having a high surface 
energy and excellent catalytic activity. 

In general, the electrode fabricated by chemical plating has numerous 
fine pores which improve the diffusibility of oxygen gas. 
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It is preferable to form a noble metallic nucleus of a predetermined 
pattern on the outer surface of the solid electrolytic element prior to the 
chemical plating. The noble metallic nucleus is formed in the following 
manner. An organometallic paste containing a noble metal is printed in a 
predetermined pattern on the surface of the solid electrolytic body. 
Subsequently, heat treatment is performed to remove the binder and decompose 
the noble metal containing organometal, thereby forming the noble metallic 
nucleus by the noble metal depositing on the surface. 

Then, the chemical plating is applied on the solid electrolytic body to 
form an electrode having the same pattern as that of the noble metallic nucleus. 
According to this method,, a complicated sensing electrode can be easily 
formed. 

Furthermore, it is preferable that the reference electrode and the sensing 
electrode are in an opposed relationship via the solid electrolytic body. With 
this arrangement, it become possible to prevent the electrode containing 
expensive noble metals from being unnecessarily widened, thereby reducing 
the manufacturing cost. 

Furthermore, it is preferable that the solid electrolytic body is a cup- 
shaped body having one end closed and having an inner space serving as the 
reference gas chamber, and the heater is accommodated in the reference gas 
chamber. 

The present invention can be applied to a so-called cup-shaped oxygen 
sensing element. 

Furthermore, it is preferable that a clearance of 0.05-1.0 mm is provided 
between the heater and the inner surface of the oxygen sensing element at the 
longitudinal position corresponding to the sensing electrode. 

With this arrangement, the solid electrolytic body can be effectively 
heated by the heater. 

If the clearance is larger than 1.0 mm, generated heat will not be 
effectively transmitted to the solid electrolytic body due to convection caused 
in the widened space between the solid electrolytic body and the heater. 
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On the other hand, if the clearance is less than 0.05 mm, the divisibility 
of the oxygen gas will be worsened. The sensor output will decrease due to lack 
of oxygen gas. 

Furthermore, it is preferable that the oxygen sensing element is a 
multilayered sensing element, and the heater and the solid electrolytic body are 
accumulated layers of the multilayered sensing element. 

The present invention can be applied to the multilayered oxygen sensing 
element which comprises platelike integrated layers of the solid electrolytic 
body and the heater layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description 
which is to be read in conjunction with the attached drawings, in which: 

Fig. 1 is a side view showing an oxygen sensing element in accordance 
with a first embodiment of the present invention; 

Fig. 2 is a vertical cross-sectional view showing the oxygen sensing 
element in accordance with the first embodiment of the present invention; 

Fig. 3 is a side view showing a solid electrolytic body in accordance with 
the first embodiment of the present invention; 

Fig. 4A is a vertical cross-sectional view showing the solid electrolytic 
body taken along a line A-A shown in Fig. 3, and Fig. 4B is a transverse cross- 
sectional view showing the solid electrolytic body taken along a line B-B 
shown in Fig. 3; 

Fig. 5 is a cross-sectional view showing an essential arrangement of the 
oxygen sensing element in accordance with the first embodiment of the present 
invention; 

Fig. 6 is a cross-sectional view showing an essential arrangement of a 
modified oxygen sensing element in accordance with the first embodiment of 
the present invention; 

Fig. 7 is a cross-sectional view showing an oxygen sensor in accordance 
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with the first embodiment of the present invention; 

Fig. 8 is a graph showing the profile of temperature increase of the 
oxygen sensing element in accordance with the first embodiment of the present 
invention; 

Fig. 9 is a graph showing a temperature distribution of the oxygen 
sensing element measured after the temperature is stabilized; 

Fig. 10 is a cross-sectional view showing an essential arrangement of a 
modified oxygen sensing element with a protecting layer in accordance with 
the first embodiment of the present invention; 

Fig. 11 is a cross-sectional view showing an essential arrangement of a 
modified oxygen sensing element with two protecting layers in accordance with 
the first embodiment of the present invention; 

Fig. 12 is a cross-sectional view showing an essential arrangement of a 
modified oxygen sensing element with three protecting layers in accordance 
with the first embodiment of the present invention; 

Fig. 13 is a side view showing another oxygen sensing element with an 
elongated gas receiving surface region in accordance with the first embodiment 
of the present invention; 

Fig. 14 is a side view showing another oxygen sensing element with a 
short sensing electrode in accordance with the first embodiment of the present 
invention; 

Fig. 15 is a side view showing another oxygen sensing element with a 
sensing electrode not formed at the distal end in accordance with the first 
embodiment of the present invention; 

Fig. 16A is a side view showing another oxygen sensing element with 
a sensing electrode partly formed in the circumferential direction in accordance 
with the first embodiment of the present invention, and Fig. 16B is a transverse 
cross-sectional view taken along a line C-C of Fig. 16A; 

Fig. 17 is a side view showing another oxygen sensing element with 
tapered portions at the connecting portions between the electrodes formed on 
the outer surface of the solid electrolytic body in accordance with the first 
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embodiment of the present invention; 

Fig. 18 is a vertical cross-sectional view another oxygen sensing element 
in accordance with the first embodiment of the present invention, wherein a 
reference electrode is entirely formed on the inner surface of a solid electrolytic 
body; 

Fig. 19 is a side view showing an oxygen sensing element comprising a 
solid electrolytic body and a sensing electrode in accordance with a second 
embodiment of the present invention; 

Fig. 20A is a vertical cross-sectional view showing the oxygen sensing 
element comprising the solid electrolytic body, the sensing electrode and a 
reference electrode, taken along a line D-D shown in Fig. 19; 

Fig. 20B is a transverse cross-sectional view showing the solid 
electrolytic body, the sensing electrode and the reference electrode taken along 
a line E-E shown in Fig. 19; 

Fig. 21 is a vertical cross-sectional view showing a positional 
relationship between a heater and the solid electrolytic body of the oxygen 
sensing element in accordance with the second embodiment of the present 
invention; 

Fig. 22 is an enlarged vertical cross-sectional view showing a protecting 
layer in accordance with the second embodiment of the present invention; 

Fig. 23 is a vertical cross-sectional view showing an overall arrangement 
of an oxygen sensor having the oxygen sensing element in accordance with the 
second embodiment of the present invention; 

Fig. 24 is a graph showing a temperature distribution along a gas 
receiving surface region on the outer surface of the solid electrolytic body in 
relation to a distance from the element tip; 

Figs. 25A and 25B are views showing a terminal connected to a 
reference electrode formed on an inner surface of the oxygen sensing element 
in accordance with the first embodiment of the present invention; 

Fig. 26 is a graph showing a relationship between the sensor output and 
the ratio Ll/L observed before and after a thermal durability test in accordance 
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with the second embodiment of the present invention; 

Fig. 27 is a graph showing a relationship between the, sensor output and 
the ratio L1/L2 in accordance with the second embodiment of the present 
invention; 

Fig. 28 is an enlarged vertical cross-sectional view showing an essential 
arrangement of another oxygen sensing element having two protecting layers 
in accordance with the second embodiment of the present invention; 

Fig. 29 is an enlarged vertical cross-sectional view showing an essential 
arrangement of another oxygen sensing element having three protecting layers 
in accordance with the second embodiment of the present invention; 

Fig. 30 is a side view showing another oxygen sensing element having 
a ring sensing electrode in accordance with the second embodiment of the 
present invention; 

Fig. 31 A is a side view showing another oxygen sensing element having 
a sensing electrode partly formed on its side surface in accordance with the 
second embodiment of the present invention, and Fig. 31B is a transverse 
cross-sectional view taken along a line F-F of Fig. 31 A; 

Fig. 32A is a side view showing another oxygen sensing element having 
a platelike heater in accordance with the second embodiment of the present 
invention, and Fig. 32B is a transverse cross-sectional view showing the same; 

Fig. 33 is a transverse cross-sectional view showing an multilayered 
oxygen sensing element in accordance with the second embodiment of the 
present invention; and 

Fig. 34 is a side view showing the multilayered oxygen sensing element 
shown in Fig. 33. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be explained 
hereinafter with reference to the attached drawings. Identical parts are denoted 
by the same reference numerals throughout the views. 

First Embodiment 



Page 17 



An oxygen sensor of a first embodiment of the present invention will be 
explained with reference to Figs. 1 through 12. 

As shown in Figs. 1 through 5, an oxygen sensing element 1 of the first 
embodiment comprises a cup-shaped solid electrolytic body 10 having one end 
closed and an inside space serving as a reference gas chamber 18, a sensing 
electrode 11 provided on an outer surface 101 of the solid electrolytic body 10 
so as to be exposed to measuring gas, a reference electrode 12 provided on an 
inner surface 102 of the solid electrolytic body 10, and a heater 19 disposed in 
the reference gas chamber 18. 

Fig. 5 shows a contact portion 100 comprising a region where the heater 
19 is brought into contact with the inner surface 102 of the solid electrolytic 
body 10 and an opposing region on the outer surface 101 of the solid 
electrolytic body 10. The sensing electrode 11 includes at least part of the 
contact portion 100. 

As shown in Figs. 1, 2 and 5, the oxygen sensing element 1 has an outer 
surface (i.e. 101) including as a gas receiving surface region 13 exposed to the 
measuring gas when the oxygen sensor is operated. The gas receiving surface 
region 13 extends from an element tip 14 (i.e., a distal end of the oxygen 
sensing element 1) to a position spaced by a distance L away from the element 
tip 14. The contact portion 100 is located in a region extending from element 
tip 14 to a position spaced by a distance 0.4L away from the element tip 14. 

Furthermore, as shown in Fig. 1, the sensing electrode 11 is entirely 
located in a region extending from the element tip 14 to a position spaced by 
a distance 0.8L away from the element tip 14. 

A detailed arrangement of the oxygen sensing element 1 of the first 
embodiment will be explained hereinafter. 

As shown in Figs. 1 through 4, an external lead electrode 111 extends on 
the outer surface 101 of the solid electrolytic body 10 to transmit a sensing 
signal from the sensing electrode 11 to an external terminal electrode 112. An 
internal lead electrode 121 extends on the inner surface 102 of the solid 
electrolytic body 10 to transmit a reference signal from the reference electrode 
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II to an internal terminal electrode 122. 

The heater 19, having a rod body, is disposed in the reference gas 
chamber 18. The heater 19 accommodates a resistor element 190 generating 
heat in response to supplied electric power. 

5 The solid electrolytic body 10 is made of Zr0 2 which is an oxygen ion 

conductive material. 

According to this embodiment, the gas receiving surface region 13 of the 
solid electrolytic body 10 shown in Fig. 1 has an axial length of 18 mm (i.e., 
L=18mm). The sensing electrode 11 is located in a range extending from the 
10 element tip 14 to a position spaced by 0.56 L (=10 mm) away from the element 
tip 14. 

The sensing electrode 11 and the reference electrode 12 are in a 
O confronting relationship via the solid electrolytic body 10 as shown in Fig. 5. 

The reference electrode 12 is slightly shorter than the sensing electrode 11. Fig. 

13=1 15 6 shows a modified arrangement of this embodiment wherein the reference 

electrode 12 is longer than the sensing electrode 11. 
y3 As shown in Figs. 1 and 4A, the external lead electrode 111 and the 

internal lead electrode 121 have a circumferential width W of 1. 5 mm. The 
external and internal terminal electrodes 112 and 122 serves as signal outlet 
O 20 portions for transmitting signals from the external and internal lead electrodes 

III and 121 to the outside. More specifically, the external and internal terminal 
electrodes 112 and 122 are connected to terminals 681 and 682 of an oxygen 
sensor 6 which will be explained later in detail. 

As shown in Figs. 1 and 4 A, the external terminal electrode 112 and the 
25 internal lead electrode 122 are a rectangle having a circumferential width "x (= 
7 mm)' 7 and an axial length "y (= 5mm)". The width "x" may be identical with 
that of the external and internal lead electrodes 111 and 121. 

As shown in Fig. 4B, two external lead electrodes 111 are provided at 
opposite positions on the outer surface 101, while two internal lead electrodes 
30 121 are provided at opposite positions on the inner surface 102. A total of four 
lead electrodes 111 and 112 are mutually spaced with angular intervals of 90°. 
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The heater 19 is made of A1 2 0 3 , Si 3 N 4 or the like. 

As shown in Fig. 2, the heat-generating resistor element 190 has a 
longitudinal length of 7.0 mm with its lower end spaced from the lower end of 
the heater 19 by a distance 1.0 mm. A preferable material for the heat- 
generating resistor element 190 is W-Re, Pt or the like. 

The upper end of the heat-generating resistor element 190 is positioned 
at a level equivalent to the position spaced from the element tip 14 by a 
distance 0.56L (=10 mm). 

The heater 19 comprises a core member and an A1 2 0 3 ceramic sheet 
wound around the core. The heat-generating resistor element 190 is disposed 
at a reverse side of the A1 2 0 3 ceramic sheet. 

It is possible to use a multilayered heater comprising a rectangular A1 2 0 3 
substrate and a coating substrate accumulated thereon. 

As shown in Fig. 5, the contact portion 100 includes the inner point "Pi" 
where the heater 19 is brought into contact with the inner surface 102 of the 
solid electrolytic body 10 and the outer point "Po" opposing the inner point 
"A" via the solid electrolytic body 10, together with the neighboring region 
including the vicinity of these points "Pi" and "Po." The sensing electrode 11 
includes the outer point "Po" of the contact portion 100. The inner point "Pi" 
is positioned at a level higher than the element tip 14 by a distance 0.1 1L (= 2.0 
mm). 

The sensing electrode 11 is fabricated in the following manner. 

A paste is printed on the outer surface 101 of the solid electrolytic body 
10 by pad printing, so as to form a printed pattern corresponding to the sensing 
electrode 11, the external lead electrode 111, and the external terminal 
electrode 112. This paste contains di-benzylidene platinum with a noble metal 
amount of 0.4 wt%. Next, the printed paste is heat treated to form a Pt nucleus. 

Then, chemical plating is applied on the Pt nucleus to form the electrodes 
(i.e., sensing electrode 11 and others) each having a thickness of 1 jum. 

According to this embodiment, the external lead electrode 111 and the 
external terminal electrode 112 are formed simultaneously together with the 
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sensing electrode 11 by the chemical plating. However, the external lead 
electrode 111 may be a paste electrode. 

The reference electrode 12 is fabricated in the following manner. 

A dispenser, filled with an organometallic paste containing a noble metal 
or a paste containing a noble metal, is prepared to insert its nozzle into the 
reference gas chamber 18. The nozzle is shifted along the inner surface 102 in 
the up-and-down direction and rotated about an axis to form a printed pattern 
of the paste corresponding to the reference electrode 12, the internal lead 
electrode 121 and the internal terminal electrode 122. 

When the noble metal containing organometallic paste is applied, the 
plating is performed after finishing the heat treatment. On the other hand, the 
noble metallic paste is directly sintered. Thus, the reference electrode 12 is 
obtained. 

It is possible to attach a porous member, like a foam member, to the tip 
end of the dispenser. 

Next, a detailed arrangement of the oxygen sensor 6 equipped with the 
oxygen sensing element 1 will be explained. 

As shown in Fig. 7, the oxygen sensor 6 comprises a housing 60 and the 
oxygen sensing element 1 accommodated in this housing 60. A measuring gas 
chamber 63 is provided below the housing 60. A double-layered cover 630 
surrounds the tip end region of the oxygen sensing element 1. Three-stage 
covers 61, 62 and 63 are sequentially provided above the housing 60. 

The reference gas chamber 18 of the oxygen sensing element 1 
accommodates the rod heater 19 with a predetermined clearance between the 
heater 19 and the inner surface 102. 

A plurality of leads 691-693 extend upward through an elastic insulating 
member 69 provided at the upper end of the covers 62 and 63. The leads 691 
and 692 transmit current signals generated from the solid electrolytic body 10 
to the outside, while the lead 693 supplies electric power to the heater 19. 

The leads 691 and 692 have connecting terminals 683 and 684 at their 
lower ends. The connecting terminals 683 and 684 are connected to the 
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terminals 681 and 682 fixed on the oxygen sensing element 1. 

The terminals 681 and 682 are fixed to the external and internal terminal 
electrodes 112 and 122 of the oxygen sensing element 1, respectively. 

When the oxygen sensor is heated, the temperature of the oxygen sensor 
increases along a temperature-increase profile. After the temperature is 
stabilized, the oxygen sensor body has a temperature distribution. 

The inventors experimentally measured the temperature-increase profile 
and the temperature distribution. The oxygen sensing element 1 is exposed to 
the measuring gas of 400 °C to measure temperature increases at a plurality of 
sampling points through thermocouples, while the sensor output is monitored. 
Fig. 8 shows the result of measurement. 

In Fig. 8, curve "0" represents a temperature-increase profile at the 
element tip 14, curve "0.1 1L" represents a temperature-increase profile at the 
contact portion 100, curve "0.56L" represents a temperature-increase profile 
at a point "k" shown in Fig. 1 corresponding to the upper end of the sensing 
electrode 11, curve "0.83L" represents a temperature-increase profile at a 
position spaced 15 mm away from the element tip 14, and curve "L" represents 
a temperature-increase profile at a point "h" shown in Fig. 1 corresponding to 
the upper end of the gas receiving surface region 13. 

Then, after the temperature of the oxygen sensing element 1 is stabilized 
at 400 °C, a temperature distribution is obtained by measuring temperatures at 
the sampling points sequentially arranged along the gas receiving surface 
region 13 from the distal end (origin; 0 mm). Fig. 9 shows the result of 
measurement. 

As shown in Fig. 8, the fastest temperature increase occurs at the contact 
portion 100 where the heater 19 is brought into contact with the inside surface 
102 of the oxygen sensing element 1. The temperature increase at the element 
tip 14 follows this. On the contrary, it takes a long time to increase the 
temperature at the upper end of the gas receiving surface region 13. 
Furthermore, the speed of temperature increase suddenly decreases when the 
distance of the sampling point from the element tip 14 exceeds 0.8L. 
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As shown in Fig. 9, the temperature distribution of the oxygen sensing 
element 1 is uniform in the range from the element tip 14 to the 0.8L position 
but steeply declines in the region exceeds 0.8L. 

The oxygen sensing element of the present invention functions in the 
following manner. 

The inner surface 102 of the oxygen sensing element 1 is brought into 
contact with the heater 19 at the contact portion 100. The sensing electrode 11 
includes at least part of the contact portion 100. 

Heat generated from the heater 19 is directly transmitted to the sensing 
electrode 11 via the inner surface 102 and the solid electrolytic body 10. Thus, 
the sensing electrode 11 is directly heated by the heater 19. Accordingly, the 
present invention reduces the activation time required from initiation of heating 
by the heater 19 to generation of an accurate sensor signal from the activated 
sensing element 1. 

The contact portion 100 is located in the region extending from the 
element tip 14 to the position spaced by the distance 0.4L away from the 
element tip 14. With this arrangement, it becomes possible to reduce the heat 
leakage toward the upper low-temperature region of the oxygen sensing 
element 1. Thus, the heating efficiency of the heater 19 is improved. 

The sensing electrode 1 1 is entirely located in the region extending from 
the element tip 14 to the position spaced by the distance 0.8 L away from the 
element tip 14. Thus, the sensing electrode 11 can maintain a high temperature 
during operation of the sensing element 1 (refer to Fig. 8), realizing uniform 
temperature distribution and satisfactory response. The activation time is 
shortened. 

Thus, the present invention provides an oxygen sensing element rapid in 
activation and excellent in response. 

The oxygen sensing element 1 can be coated by various layers. 

Fig. 10 shows a modified oxygen sensing element 1 having a protecting 
layer 107 of MgAl 2 0 4 spinel formed by plasma spray. The protecting layer 107 
has a thickness of 100/^m and a porous rate of 20%. The protecting layer 107 
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also functions as a diffusion resistive layer. According to this arrangement, the 
protecting layer 107 is formed on an entire surface of the gas receiving surface 
region 13 of the oxygen sensing element 1. However, even when the protecting 
layer 107 is small, the similar effects will be obtained when the protecting layer 
107 can completely cover the sensing electrode 11. 

The protecting layer 107 prevents the thermal shrinking of electrodes. 

Fig. 11 shows another modified oxygen sensing element 1 having a 
second protecting layer 108 formed on the surface of the protecting surface 
107. The second protecting layer 108 traps poisonous components in the 
measuring gas and chiefly contains A1 2 0 3 . The second protecting layer 108 has 
a thickness of 120/^m and a pore rate of 20-50%. 

A fabrication method of the second protecting layer 108 will be 
explained. 

For example, the oxygen sensing element 1 with the protecting layer 107 
is dipped into a slurry of AJ 2 0 3 and then heat treated to form the second 
protecting layer 108. 

Effect of the second protecting layer 108 is sufficiently obtained when 
the sensing electrode 11 is covered by the second protecting layer 108. 
According to this arrangement, the second protecting layer 108 extends from 
the element tip 14 to a position spaced by a distance of 12 mm (=0.67L) away 
from the element tip 14. However, it is possible to enlarge the second 
protecting layer 108 along the entire surface of the gas receiving surface region 
13. 

Fig. 12 shows another modified oxygen sensing element 1 having a third 
protecting layer 109 formed on the surface of the second protecting layer 108 
formed on the surface of the protecting surface 107. The third protecting layer 
109 enhances the effect of the protecting layers trapping the poisonous 
components in the measuring gas. 

When the third protecting layer 109 has a porous rate larger than that of 
the second protecting layer 108, it becomes possible to trap large poisonous 
components. This is effective to prevent the second protecting layer 108 from 
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being blinded by poisonous members. The third protecting layer 109 chiefly 
contains A1 2 0 3 and has a thickness of 40jum and a pore rate of 60%. 

A fabrication method of the third protecting layer 109 will be explained. 

For example, the oxygen sensing element 1 with the second protecting 
layer 108 is dipped into a slurry of A1 2 0 3 and then heat treated to form the third 
protecting layer 109. 

Effect of the third protecting layer 109 is sufficiently obtained when the 
sensing electrode 11 is covered by the third protecting layer 109. According to 
this arrangement, the third protecting layer 109 extends from the element tip 14 
to a position spaced by a distance of 11 mm (-0.61L) away from the element 
tip 14. 

Tables 1 and 2 show experimental data obtained from the performance 
tests of samples 1-16 of the oxygen sensing element. The samples 1-9 are 
substantially the same in their arrangement as the oxygen sensing element 1 
disclosed in the first embodiment of the present invention, although slightly 
different in size, positional relationship, and fabrication method for the sensing 
electrode. 

Each of the samples 1-15 has a reference electrode provided entirely on 
the inner surface of the oxygen sensing element. Each of the samples 1-9 and 
16 has reference and sensing electrodes provided in an opposed relationship. 
In each sample, the external and internal lead electrodes are formed in the 90- 
degree offset arrangement shown in Fig. 4B. 

In respective Tables 1 and 2, the "sensing electrode position" represents 
a distance between the lower end of the sensing electrode and the distal end of 
the oxygen sensing element. The "contact position" represents a distance 
between the contact portion and the distal end of the oxygen sensing element. 
The "external lead electrode width" represents a circumferential length of the 
external lead electrode as explained in the foregoing description. 

The sample 8 has a partly formed external electrode (its circumferential 
width is 3 mm) according to a modified arrangement shown in Figs. 16A and 
16B. 
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The performance tests, including measurements of activation time, 
sensor response (sensor output, response time), and durability, will be 
explained in more detail. 

First, measurement of the activation time is explained. 

The oxygen sensing element samples were exposed to the measuring gas 
of rich (A[air excessive rate]=0.9) and 400°C. At the same time, electric power 
was supplied to the heater. A time required for the sensor to produce a 0.45V 
output signal is defined as an activation time. Every o-marked sample 
demonstrated an acceptable activation time equal to or less than 30 seconds. 

Second, measurement of the response is explained. 

Each of the oxygen sensing element samples, maintained at 400°C, was 
alternately subjected to rich measuring gas (A=0.9) and lean measuring gas 
(A=l.l) to check the output signal response about a reference level of 0.45 V. 
Every o-marked sample demonstrated satisfactory response in the sensor output 
frequency which is equal to or larger than 0.8 Hz as well as in the sensor output 
difference which is equal to or larger than 0.7 V as a difference between a 
sensor output corresponding to the rich measuring gas (A,=0.9) and a sensor 
output corresponding to the lean measuring gas 

Next, measurement of the durability is explained. The oxygen sensing 
element samples were left in a high-temperature environment of 900°C for 500 
hours. Every o-marked sample demonstrated good durability equivalent to or 
larger than 0.4 Hz in the sensor output frequency and 0.5 V in the sensor output 
difference. 

All of the samples 1-9 shown in Table 1 satisfy the condition that the 
contact portion is positioned in the region from the distal end of the oxygen 
sensing element to the 0.4L position and the sensing electrode is positioned in 
the region from the distal end to the 0.8 L position. The samples 1-9 
demonstrated short activation time, excellent response and higher output. 

The sample 10, having a sensing electrode positioned higher than 0.8L, 
was insufficient in the response. The sample, having a contact portion formed 
at a higher position, was insufficient in the activation time. The sample 12, 
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having a wide external lead electrode, was insufficient in the response. The 
sample 13, having a narrow external lead electrode, was insufficient in the 
durability. 

The sample 14, having a sensing electrode fabricated by paste printing, 
was insufficient in the activation time, in the response, and in the sensor output, 
response. The sample 15, having a sensing electrode not formed in the contact 
portion, was insufficient in the activation time. 

According to Tables 1 and 2, it was confirmed that it becomes possible 
to provide an oxygen sensing element having a short activation time, excellent 
response, and a higher output when the contact portion is positioned in the 
region from the 0 (or OL) position (i.e., the distal end of the oxygen sensing 
element) to the 0.4L position and the sensing electrode is positioned in the 
region from the 0 position to the 0.8 L position. 

It is also confirmed that it is preferable to fabricate the sensing electrode 
by chemical plating. A preferable width of the external lead electrode is in the 
range of 0.1- 5 mm. 

The sample 9 differs from the sample 1 in the condition of the reference 
electrode. According to the sample 9, the sensing electrode and the sensing 
electrode are disposed in an opposed relationship. The sample 9 is slightly 
excellent than the sample 1 in the response and the sensor output. 
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Figs. 13 through 18 show various modifications of the oxygen sensing 
element 1 in accordance with the present invention. 

Fig. 13 shows a modified oxygen sensing element 1 having the gas 
receiving surface region 13 which is 25mm in length. The sensing electrode 11 
extends from the element tip 14 to the 0.4L (=10 mm) position. The external 
lead electrode 111 is 1.5 mm in width. The external terminal electrode 112 is 
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a rectangular electrode (7mm in width x 4 mm in length). The rest is 
substantially the same as the arrangement disclosed in the above-described 
embodiment. 

Fig. 14 shows another modified oxygen sensing element 1 having the 
sensing electrode 11 extending from the element tip 14 to the 0.11 (=2 mm) 
position. The external lead electrode 111 and the external terminal electrode 
112 are identical with those of the above-described embodiment. The modified 
oxygen sensing element 1 of Fig. 14 corresponds to the sample 3 shown in 
Table 1 and, therefore, has a short activation time, excellent response, and a 
higher output. 

Furthermore, the sensing electrode 11 has a smaller area. This is 
effective to reduce the used amount of Pt which is expensive. Thus, the 
manufacturing cost is reduced. The rest is substantially the same as the 
arrangement disclosed in the above-described embodiment. 

Fig. 15 shows another modified oxygen sensing element 1 having the 
sensing electrode 11 extending from the 0.11 (=2 mm) position to the 0.56L 
(=10 mm) position. The modified oxygen sensing element 1. of Fig. 15 
corresponds to the sample 7 shown in Table 1 and, therefore, has a short 
activation time, excellent response, and a higher output. The rest is 
substantially the same as the arrangement disclosed in the above-described 
embodiment. 

Figs. 16 A and 16B cooperatively show another modified oxygen sensing 
element 1 having the sensing electrode 11 extending from the element tip 14 
to the 0.56L(=10 mm) position with a circumferential width of 3 mm. A total 
of two sensing electrodes 11 are provided on the outer surface 101 in an 
opposed relationship as shown in Fig. 16B. Respective external electrodes 11 
oppose to the corresponding reference electrodes 12 formed on the inner 
surface 102.The modified oxygen sensing element 1 of Figs. 16A and 16B 
corresponds to the sample 8 shown in Table 1. 

Therefore, the modified oxygen sensing element 1 of Figs. 16A and 16B 
has a short activation time, excellent response, and a higher output. 
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Furthermore, the sensing electrode 11 has a smaller area. This is effective to 
reduce the used amount of an expensive electrode material including noble 
metal. Thus, the manufacturing cost is reduced. 

According to the oxygen sensing element 1 of Figs. 16A and 16B, the 
sensing electrode 11 is wider than the external lead electrode 111. It is, 
however, possible to equalize the widths of them. It is also possible to equalize 
the widths of the external terminal electrode 112, the external lead electrode 
111, and the sensing electrode 11. 

Fig. 17 shows another modified oxygen sensing element 1 having 
tapered portions 109 of 1mm formed at the connecting portion between the 
sensing electrode 11 and the external lead electrode 111 and at the connecting 
portion between the external lead electrode 111 and the external terminal 
electrode 112. It is possible to provide arc-shaped tapered portions 109. When 
the electrodes are fabricated by chemical plating and sintering, the connecting 
portions of the electrodes are subjected to concentrated stresses. Providing the 
tapered portions 109 is effective to reduce such concentration of stresses, 
thereby eliminating the breaking of the electrodes at their connecting portions. 

Fig. 18 shows another modified oxygen sensing element 1 having the 
reference electrode 12 formed on the entire surface of the inner surface of the 
solid electrolytic body 10. 

The reference electrode 12 is formed by dipping the inner surface into 
an organometallic solution containing a noble metal and then applying the 
plating after finishing the heat treatment. This is advantageous in that the 
reference electrode can be easily formed without using a complicated 
apparatus, such as a dispenser or the like. 

The rest is substantially the same as the arrangement disclosed in the 
above-described embodiment. 

Second Embodiment 
As shown in Figs. 19 through 23, an oxygen sensing element 1001 of the 
second embodiment comprises a cup-shaped solid electrolytic body 1015 
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having one end closed and an inside space serving as a reference gas chamber 
1016, a sensing electrode 1011 provided on an outer surface 1150 of the solid 
electrolytic body 1015, a reference electrode 1012 provided on an inner surface 
1160 of the solid electrolytic body 1015, and a heater 1002 disposed in the 
5 reference gas chamber 1016 (refer to Fig. 21). 

As shown in Figs. 19, 20A and 20B, the solid electrolytic body 1015 has 
an outer surface 1150 including a gas receiving surface region 1013 exposed 
to the measuring gas when the oxygen sensing element 1001 is operated. The 
gas receiving surface region 1013 extends from an element tip 1159 (i.e., distal 
10 end of the oxygen sensing element 1001) to a position spaced by a distance L 
from the element tip 1159. 

The sensing electrode 1011 has a length LI equal to or larger than 0.2L 
in the longitudinal direction of the oxygen sensing element 1001. The sensing 
electrode 1011 is located in a region extending from the element tip 1159 to a 
IP 15 position spaced by a distance 0.8L away from the element tip 1159. 
jpy Furthermore, the sensing electrode 1011 has a thickness of 0.5-3.0 /nm. 

The oxygen sensing element 1001 has a protecting layer 1041 of 
M MgAl 2 0 4 spinel formed by plasma spray. As shown in Fig. 22 (although not 

fij shown in Fig. 19), the protecting layer 1041 extends on the entire surface of the 

20 sensing electrode 1011 and the outer surface 1150. 

The protecting layer 1041 has a thickness of 100 /xrn and a porous rate 
of 20%, although the thickness and the porous rate can be varied by adjusting 
the conditions of the plasma spray. 

The protecting layer 1041 protects the sensing electrode 1011 and 
25 prevents the sensing electrode 1011 from shrinking by heat. The protecting 
layer 1041 also functions as a diffusion resistive layer. It is possible to provide 
the protecting layer 1041 only on the surface of the sensing electrode 1011. 

As shown in Fig. 19, a lead portion 1111 extends on the outer surface 
1150 of the solid electrolytic element 1015 to transmit a sensing signal from the 
30 sensing electrode 1011 to a terminal portion 1112. Although not shown in Fig. 
19, a total of two lead portions 1111 are provided on the outer surface of the 

Page 32 



Si 



O 

H J| j 




solid electrolytic body in an opposed relationship and a total of two and two 
lead electrode 1121 are provided in the same manner (refer to Figs. 20A and 
20B). 

The solid electrolytic body 1015 is made of a partially stabilized 
zirconia. All of the sensing electrode 1011, the lead portion 1111 and the 
terminal portion 1112 are made of platinum. 

The length L of the gas receiving surface region 1013 is 25 mm. 

The sensing electrode 1011 and the reference electrode 1012 
cooperatively detect the oxygen concentration of the measuring gas. The 
sensing electrode 1011 extends from the element tip 1159 to a position spaced 
by an altitudinal distance of 10 mm away from the element tip 1159. In other 
words, the length LI of the sensing electrode 1011 is 10 mm (i.e., 0.40L). 

The lead portion 1111, transmitting the sensing signal from the sensing 
electrode 1011 to the terminal portion 1112, has a circumferential width of 1.5 
m and is connected between the upper end of the sensing electrode 1011 and 
the lower end of the terminal portion 1112. 

The terminal portion 1112 is connected to a metallic terminal 1383 of the 
oxygen sensor 1003 to transmit the sensing signal to the outside as shown in 
Fig. 23. The terminal portion 1112 is a rectangle having a circumferential width 
of 7 mm and a longitudinal length of 5mm. It is possible to equalize the 
circumferential width of the terminal portion 1112 with that of the lead portion 
1111. 

As shown in Figs. 20A and 20B, two lead portions 1111 are paired so as 
to oppose via the solid electrolytic body 1015 and two terminal portions 1112 
are paired in the same manner. 

The reference electrode 1012 is fabricated by plating, paste printing or 
the like at a position opposed to the sensing electrode 1011. A lead portion 
1121 extends on the inner surface 1160 to transmit a reference signal from the 
reference electrode 1012 to a terminal portion 1122. 

The lead portion 1121 has a circumferential width of 1.5 mm. The 
terminal portion 1122 is a rectangle having a circumferential width of 7 mm 
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and a longitudinal length of 5mm. Two lead portions 1121 and two lead 
portions 1111 are offset with angular intervals of 90 °. 

With this arrangement, it becomes possible to eliminate adverse 
influence from the low-temperature portions of the lead portions 1121 and 
1111. The sensor response can be improved. However, it may be possible to 
dispose the lead portions 1121 and 1111 in an opposed relationship when no 
adverse influence is given to the sensor characteristics. 

The oxygen sensing element 1001 comprises the heater 1002 which has 
a heat generating portion 1020 at one end thereof as shown in Fig. 21. The 
heater 1002 accommodates a resistor element generating heat in response to 
supplied electric power and leads supplying electric power to this resistor 
element. The heat generating portion 1020 is a portion where the resistor 
element is disposed. The heater 1002 chiefly generates heat from the heat 
generating portion 1020. 

The heater 1002 has a main body of A1 2 0 3 , Si 3 N 4 or the like which 
accommodates the resistor element of W-Re, Pt or the like. 

The heater 1002 comprises a heater sheet wound around a heater core of 
A1 2 0 3 , Si 3 N 4 or the like. The heat-generating resistor element is provided on a 
surface of the heater sheet so as to face the heater core, or provided in the 
layered body of the heater sheet. 

It is possible to use a multilayered heater comprising a plurality of 
platelike A1 2 0 3 layers. 

The heat generating portion 1020 has a lower end corresponding to an 
altitudinal distance 1.0 mm from the element tip 1159 and extends upward with 
a length L2 =4.0 mm (i.e., 0.16L). The central position of the heat generating 
portion 1020 corresponds to an altitudinal distance 5 mm from the element tip 
1159. A clearance of 0.2 mm is provided between the inner surface 1160 and 
the heater 1002 at a level of the sensing electrode 1011. 

According to this embodiment, the heater 1002 is brought into contact 
with the inner surface 1160 of the reference gas chamber 1016. However, it is 
possible to dispose the heater 1002 in a separated relationship to the inner 
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surface 1160. 

The sensing electrode 1011, the lead portion 1111, and the terminal 
portion 1112 are fabricated in the following manner. 

A paste containing a noble metallic compound, such as di-benzylidene 
platinum (with a Pt amount of 0.4 wt%), is printed on the outer surface 1150 
of the solid electrolytic body 1015 by pad printing, so as to form a printed 
pattern corresponding to the sensing electrode 1011, the lead portion 1111, and 
the terminal portion 1112. Next, the printed paste is heat treated to form a Pt 
nucleus. 

Then, electroless plating is applied on the Pt nucleus to form the sensing 
electrode 1011, the lead portion 1111, and the terminal portion 1112 each 
having a thickness of 1.5 /im. 

The reference electrode 1012, the lead portion 1121, and the terminal 
portion 1122 are fabricated in the following manner. An empty, nozzle 
equipped dispenser is prepared. The nozzle has a simple outlet opening. It is, 
however, possible to attach a porous member, like a foam member, to the tip 
end of the nozzle. 

The nozzle of the dispenser is inserted into the reference gas chamber 
1016 of the solid electrolytic body 1015. An organometallic paste containing 
a noble metal or any other paste containing a noble metal is injected into the 
dispenser. The nozzle is shifted along the inner surface 1160 in the up-and- 
down direction and rotated about an axis to form a printed pattern of the paste 
corresponding to the reference electrode 1012, the lead portion 1121, and the 
terminal portion 1122. 

When the noble metal containing organometallic paste is applied to 
obtain the reference electrode 1012 and others, the chemical plating is 
performed after finishing the heat treatment. On the other hand, the noble 
metallic paste is applied, the applied paste is directly sintered to obtain the 
reference electrode 1012 and others. 

Next, a detailed arrangement of the oxygen sensor 1003 comprising the 
oxygen sensing element 1001 will be explained. 
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As shown in Fig. 23, the oxygen sensor 1003 comprises a housing 1030 
and the oxygen sensing element 1001 sealed and firmly fixed in this housing 
1030. The heater 1002 is disposed in the reference gas chamber 1016 of the 
oxygen sensing element 1001. 

A measuring gas chamber 1310 is provided below the housing 1030. A 
double-layered covers 1311 and 1312 surround the tip end region of the oxygen 
sensing element 1001. Three-stage covers 1321, 1322 and 1323 are 
sequentially provided above the housing 1030. 

The measuring gas flows into the measuring gas chamber 1310. The air 
is introduced into an inside space of the covers 1321, 1322 and 1323. The 
oxygen sensing element 1001, airtightly sealed and fixed in the oxygen sensor 
body, serves as a partition for separating the air and the measuring gas. 

A plurality of leads 1371, 1381 and 1391 extend upward through an 
elastic insulating member 1035 provided at the upper end of the covers 1322 
and 1323. The leads 1381 and 1391 transmit the signals generated from the 
oxygen sensing element 1001 to the outside, while the lead 1371 supplies 
electric power, to the heater 1002. 

The leads 1391 and 1381 have connecting terminals 1382 and 1392 at 
their lower ends. The connecting terminals 1382 and 1392 are connected to the 
metallic terminals 1383 and 1393 fixed on the oxygen sensing element 1001. 

The metallic terminals 1383 and 1393 are fixed to the terminal portions 
1112 and 1122 of the oxygen sensing element 1001, respectively. 

According to the oxygen sensing element 1001 of this embodiment, the 
length LI of the sensing electrode 1011 is equal to or larger than 0.2L. This 
arrangement prevents undesirable thermal shrinkage of the sensing electrode 
1011 and accordingly prevents the breaking of the sensing electrode 1011 
(refer to later described experimental data). 

The sensing electrode 1011 is entirely located in the region extending 
from the element tip 1159 to the position spaced by the distance 0.8L away 
from the element tip 1159, when "L" represents the length of the gas receiving 
surface region 1013 where the solid electrolytic body 1015 is exposed to the 
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sensing gas. 

As shown in Fig. 23, the oxygen sensing element 1001 is assembled in 
the oxygen sensor 1003. The oxygen sensor 1003 has a portion exposed to the 
measuring gas and a portion exposed to the reference gas. The boundary 
between these portions is sealed by the oxygen sensing element 1001. The 
sealed portion is adjacent to the edge of the gas receiving surface region 1013 
on the oxygen sensing element 1001, so as to prevent the measuring gas from 
advancing beyond this sealed portion. 

The measuring gas flows at a reduced speed in a region exceeding the 
0.8L position due to the presence of the sealed portion. If the sensing electrode 
1011 is provided in this region, the sensor output will deteriorate. 

Accordingly, it becomes possible to obtain an oxygen sensing element 
having satisfactory response by providing the sensing electrode 1011 in the 
region not exceeding the 0.8L position (refer to later described experimental 
data). 

Furthermore, according to this embodiment, the sensing electrode 1011 
has the thickness of 0.5-3.0 ^m. This arrangement makes it possible to allow 
the measuring gas to diffuse and penetrate well in the sensing electrode 1011. 
Thus, it becomes possible to obtain an oxygen sensing element having 
excellent response (refer to later described experimental data). 

Accordingly, this embodiment provides an oxygen sensing element 
which has excellent response and is capable of preventing the breaking and 
deterioration in the characteristics. 

Fig. 24 shows a temperature distribution along the gas receiving surface 
region 1013 on the outer surface 1150 of the solid electrolytic body 1015, 
obtained when the oxygen sensing element 1001 is assembled in the oxygen 
sensor 1003 shown in Fig. 21 and installed in an exhaust passage of an internal 
combustion engine of an automotive vehicle, wherein the temperature of the 
exhaust gas is stabilized at a predetermined value (approximately 600 °C). 

According to the experimental data shown in Fig. 24, it is understood 
that the temperature of the solid electrolytic body 1015 is high at a position 
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corresponding to the heat generating portion 1020 of the heater 1002 and is low 
at a position far from the heat generating portion 1020. 

According to the oxygen sensing element 1001 of this embodiment, the 
reference electrode 1012 is partly provided on the inner surface 1160. 
However, it is possible to form the reference electrode 1012 entirely on the 
inner surface 1160. 

In this case, the inner surface 1160 is dipped into a noble metal 
containing organometallic solution, heat treated, and then applied the plating 
to obtained the reference electrode 1012 entirely formed on the inner surface 
1160. Thus, the reference electrode 1012 is easily fabricated. 

According to the oxygen sensing element 1001 of this embodiment, the 
terminal portion 1122 is provided on the outer surface 1150 of the solid 
electrolytic body 1015. It is, however, possible to provide the terminal portion 
1122 on the inner surface 1160 of the solid electrolytic body 1015, as shown 
in Figs. 25A and 25B. 

Sensor performances were evaluated on various oxygen sensing element 
samples having various dimensions in each of the length L of the gas receiving 
surface region 1013, the length LI of the sensing electrode 1011, and the length 
L2 of the heat generating portion 1020. 

Table 1 shows the test result of samples 1-12 of the oxygen sensing 
element in accordance with the present invention. Table 2 shows the test result 
of comparative samples 13-20. 

The samples 1-20 are different in LI, L2, L1/L2 and L values of the 
arrangement shown in the above-described embodiment. 

The sample 4 has a sensing electrode whose lower end is spaced 3 mm 
away from the distal end of the oxygen, sensing element (refer to Fig. 30). The 
sample 12 has a sensing electrode fabricated by sputtering. The sample 19 has 
a sensing electrode formed by applying a noble-metallic containing paste and 
heat treating the applied paste. 

The performances of each sample is measured in the following manner. 

First, measurement of the response is explained. 
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A heater equipped oxygen sensing element was securely fixed to an 
exhaust passage of an internal combustion engine of an automotive vehicle. 
After the engine was started up, electric power (5 W) was supplied to the heater. 
Then, each sample was alternately subjected to rich measuring gas (X=0.9) and 
lean measuring gas (A=l.l) to check the output signal response (i.e., frequency) 
about a reference level of 0.45 V. 

In Tables 1 and 2, o-marked samples demonstrated satisfactory response 
in the sensor output frequency which is larger than 0.8Hz. On the other hand, 
a -marked samples demonstrated the sensor output frequency in the range from 
0.75Hz to 0.8Hz, and x-marked samples demonstrated the unsatisfactory sensor 
output frequency which is less than 0.75 Hz. 

Second, measurement of the sensor output is explained. 

Like the above-described response measurement, the heater equipped 
oxygen sensing element was securely fixed to the exhaust passage of the 
internal combustion engine of the automotive vehicle. After the engine was 
started up, electric power (5W) was supplied to the heater. Then, each sample 
was alternately subjected to rich measuring gas (A,=0.9) and lean measuring gas 
(A=l.l) to measure a sensor output difference. 

The sensor output difference is another factor used in the evaluation of 
the response. When the sensor output frequency is identical or constant, having 
a large sensor output difference is regarded as excellent in the response. 

In Tables 1 and 2, o-marked samples demonstrated satisfactory response 
in the sensor output difference which is larger than 0.7V. On the other hand, a- 
marked samples demonstrated the sensor output difference in the range from 
0.65Hz to 0.7Hz, and x-marked samples demonstrated the unsatisfactory sensor 
output difference which is less than 0.65 Hz. 

Third, measurement of the thermal durability is explained. 

The thermal durability was measured through the following two tests. 

(1) Each sample was left in a high-temperature environment of 900°C for 
500 hours. In Tables 1 and 2, O-marked samples demonstrated good durability 

equivalent to the sensor output larger than 0.5 V. On the other hand, a -marked 
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samples demonstrated the sensor output in the range from 0.4V to 0.5V, and x- 
marked samples demonstrated the unsatisfactory sensor output which is less 
than 0.4V. 

Fig. 26 summarizes the relationship between the sensor output and the 
ratio Ll/L measured before and after this first durability test. 

(2) Next, heater ON/OFF durability was checked by intermittently 
supplying electric power to the heater at the intervals of 10 seconds to 10 
minutes. About 10 seconds after the start of electric power supply, the heater 
temperature reached 1,200°C at the central position of the heat generating 
portion. A total number of repetition in each heater ON/OFF durability test 
reached about 10,000. 

In Tables 1 and 2, o-marked samples demonstrated good durability 
equivalent to the sensor output larger than 0.5 V. On the other hand, a -marked 
samples demonstrated the sensor output in the range from 0.4V to 0.5V, and x- 
marked samples demonstrated the unsatisfactory sensor output which is less 
than 0.4V. 

Fig. 27 summarizes the relationship between the sensor output and the 
ratio L1/L2 measured before and after this second durability test. 

As apparent from Tables 1 and 2, samples 1-12 demonstrated excellent 
performances in the response, sensor output, and thermal durability. Each of 
these excellent samples 1-12 has the sensing electrode having the length LI 
equal to or larger than 0.2L in the longitudinal direction of the oxygen sensing 
element 1001, entirely located in the region extending from the element tip 
1159 to the position spaced by the distance 0.8L away from the element tip 
1159, and having the thickness in the range of 0.5-3.0 jum. 

The comparative sample 13 (L1=0.16L) was not satisfactory in the 
thermal durability. The comparative sample 14 having the sensing electrode 
extending beyond the 0.8L position was insufficient in the response and in the 
sensor output. The comparative samples 15 and 19, having thick sensing 
electrodes (3.5jum and S^m), were insufficient in the response and in the sensor 
output. The comparative sample 16, having a thin sensing electrode, was not 
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satisfactory in the thermal durability. 

The comparative sample 17, having a large clearance, was insufficient 
in the response and in the sensor output. The comparative sample 18, large in 
the ratio L1/L2, was not satisfactory in the response and in the sensor output. 
The comparative sample 20, small in the ratio L1/L2, was insufficient in the 
thermal durability. 

Furthermore, when the length L2 is equal to or larger than 0.2L, it is 
possible to obtain an acceptable sensor output after the durability test as shown 
in Fig. 26. 

Moreover, when the ratio L1/L2 is in the range of 1.0-4.0, it is possible 
to obtain a high sensor output (i.e., excellent response) as shown in Fig. 27. 

Table 3 compares the above-described sample 1 and another comparative 
sample 21 to check the activation time of the oxygen sensing element. The 
sample 21 has a heater with a long heat generating portion. Each of the samples 
1 and 21 was exposed to rich exhaust gas (X=0.9, 400°C) emitted from the 
internal combustion engine of the automotive vehicle. At the same time, 
electric power is supplied to the heater. The activation time, i.e., a time required 
for the sensor to produce a 0.45V output signal, was measured. In Table 3, the 
o-marked sample demonstrated an acceptable activation time less than 25 
seconds and the x-marked sample demonstrated an unacceptable activation 
time larger than 30 seconds . 

As apparent from Table 3, it is understood that using a long heat 
generating portion takes a long time to activate the oxygen sensing element due 
to delay in the temperature increase in the heater. 
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Table 1-(1) 



sample No. 


1 


2 


3 


4 


5 


6 


LI (mm) 


10 

(U.4UL) 


10 

(0.67L) 


10 

(0.33L) 


10 

(0.40L) 


10 

(0.40L) 


10 

(0.40L) 


L2 (mm) 


4 

(0.1 6L) 


4 

(0.27L) 


4 

(0.13L) 


4 

(0.16L) 


4 

(0.1 6L) 


4 

(0.1 6L) 


L (mm) 


25 


15 


30 


25 


25 


25 


LI /L2 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


central 

position 

(mm) 


5 


5 


5 


5 


5 


5 


sensing 
electrode 
thickness 
(wm) 


1.5 


1.5 


1.5 


1.5 


1.0 


3.0 


clearance 
(mm) 


U.z 


0.2 


0.2 


0.2 


0.2 


0.2 


fabrication 
method 


chemical 
plating 


chemical 
plating 


chemical 
plating 


chemical 
plating 


chemical 
plating 


chemical 
plating 


response 

frequency 

(Hz) 


0.88 


0.87 


0.85 


0.88 


0.90 


0.81 


O 


O 


O 


O 


O 


O 


sensor 
output (V) 


0.77 


0.75 


0.74 


0.76 


0.79 




0.70 


O 


O 


O 


O 


O 


o 


durability 

a) 


o 


o 


o 


O 


o 


o 


durability 
(2) 


o 


o 


o 


O 


o 


o 
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Table l-(2) 



sample No. 


7 


8 


9 


10 


11 


12 


LI (mm) 


10 

fr\ ac\t \ 

(U.4UL) 


10 

(U.67L) 


12 

//'I HOT \ 

(0.48L) 


5 

(0.20L) 


20 

(0.80L) 


10 

(0.40L) 


L2 (mm) 


4 

(0.1 6L) 


3 

(0.12L) 


12 

(0.48L) 


3 

(0.12L) 


5 

(0.20L) 


4 

(0.16L) 


L (mm) 


25 


25 


25 


25 


25 


25 


LI /L2 


2.5 


3.3 


1.0 


1.7 


4.0 


2.5 


central 

position 

(mm) 


5 


4.5 


9 


4.5 


5.5 


5 


sensing 
electrode 
thickness 
(Mm) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


clearance 
(mm) 


l.U 


U.Z 


U.z 


0.2 


0.2 


0.2 


fabrication 
method 


chemical 
plating 


chemical 
plating 


chemical 
plating 


chemical 
plating 


chemical 
plating 


sputtering 


response 

frequency 

(Hz) 


0.80 


0.82 


0.82 


0.92 


0.81 


0.82 


O 


O 


O 


O 


O 


O 


sensor 
output (V) 


0.71 


0.71 


0.73 


0.80 


0.73 


0.74 


O 


O 


O 


O 


O 


O 


durability 

a) 


o 


o 


O 


O 


o 


o 


durability 
(2) 


o 


o 


O 


O 


o 


o 
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Table 2 



sample No. 


13 


14 


15 


16 


17 


18 


19 


20 


LI (mm) 


4 

(0 1 6T ^ 


21 

rn qai \ 


10 


10 

\\J.H\JL,) 


10 

(0.40L) 


17 

/ r\ /tit \ 

(0.68L) 


10 

(0.40L) 


10 

(0.40L) 


L2 (mm) 


4 

(0.16L) 


10 

(0.40L) 


4 

(0.1 6L) 


4 

(0.1 6L) 


4 

(0,1 6L) 


4 

(0.16L) 


4 

(0.16L) 


11 

(0.44L) 


L (mm) 


25 


25 


25 


25 


25 


25 


25 


25 


LI FL2 


1.0 


2.1 


2.5 


2.5 


2.5 


4.3 


2.5 


0.9 


central 

position 

(mm) 


5 


8 


5 


5 


5 


7 


5 


7 


sensing 
electrode 
thickness 
(wm) 


1.5 


1.5 


3.5 


0.4 


1.5 


1.5 


5 


1.5 


clearance 
(mm) 








U.z 


1.1 


0.2 


0.2 


0.2 


fabrication 
method 


chemical 
plating 


^ — 










paste 


chemical 
plating 


response 

frequency 

(Hz) 


0.82 


0.77 


0.76 


0.89 


0.79 


0.77 


0.71 


0 82 


O 


A 


A 


O 


A 


A 


X 


o 


sensor 
output (V) 


0.71 


0.69 


0.65 


0.78 


0.68 


0.66 


0.60 


0.72 


o 


A 


A 




A 


A 


X 


O 


durability 

a) 


X 


O 


O 


X 


O 


O 


o 


o 


durability 
(2) 


A 


O 


O 


A 


O 


O 


o 


A 
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Table 3 



sample No. 


1 


1 

21 


LI (mm) 


10 

(0.40L) 


15 

(0.60L) 


L2 (mm) 


4 

(0.1 6L) 


15 

(0.60L) 


L (mm) 


25 


25 


LI /L2 


2.5 


1.0 


central 

position 

(mm) 


5 


10 


sensing 
electrode 
thickness 
C«m) 


1.5 


1.5 


clearance 
(mm) 


0.2 


0.2 


fabrication 
method 


chemical 
plating 


chemical 
plating 


activation 

time 

(sec) 


20 


32 


O 


X 



Fig. 28 shows a modified oxygen sensing element 1001 having two 
protecting layers. 

As shown in Fig. 28, the oxygen sensing element 1001 has a second 
protecting layer 1042 formed on the surface of the protecting layer 1041 (i.e., 
serving as a first protecting layer) of MgAl 2 0 4 spinel formed entirely on the 
gas receiving surface region 1013 by plasma spray in the same manner as in the 
above-described embodiment. 

The second protecting layer 1042 has a thickness of 20-60/im and a 
porous rate of 20-50% and contains A1 2 0 3 This porous rate is larger than that 
of the first protecting layer 1041 

The second protecting layer 1042 is fabricated by dipping the surface of 
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the first protecting layer 1041 in a slurry of A1 2 0 3 and then heat treating the 
coated layer. 

Effect of the second protecting layer 1042 is sufficiently obtained when 
the sensing electrode 1011 is covered by the second protecting layer 1042. 
According to this arrangement, the second protecting layer 1042 extends from 
the element tip 1159 to a position spaced by a distance of 12 mm (=0.48L) 
away from the element tip 1159. However, it is possible to enlarge the second 
protecting layer 1042 along the entire surface of the gas receiving surface 
region 1013. 

According to this arrangement, the second protecting layer 1042 traps 
poisonous components contained in the measuring gas. Thus, it becomes 
possible to prevent the sensing electrode 1011 from deteriorating. 

Fig. 29 shows another modified oxygen sensing element 1001 having 
three protecting layers. 

As shown in Fig. 29, the oxygen sensing element 1001 has a third 
protecting layer 1043 formed on the surface of the second protecting layer 1042 
which is formed on the surface of the first protecting layer 1041 of MgAl 2 0 4 
spinel formed entirely on the gas receiving surface region 1013 by plasma 
spray in the same manner as in the above-described embodiment. 

The third protecting layer 1043 has a thickness of 40/^m and a porous 
rate of 60%. This porous rate is larger than that of the second protecting layer 
1042 

Like the second protecting layer 42, the third protecting layer 1043 is 
fabricated by dipping the surface of the second protecting layer 1042 in the 
slurry of A1 2 0 3 and then heat treating the coated layer. 

Like the second protecting layer 1042, effect of the third protecting layer 
1043 is sufficiently obtained when the sensing electrode 1011 is covered by the 
third protecting layer 1043. According to this arrangement, the third protecting 
layer 1043 extends from the element tip 1159 to a position spaced by a distance 
of 11 mm (=0.44L) away from the element tip 1159. 

According to this arrangement, the third protecting layer 1043 traps large 
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poisonous components contained in the measuring gas. This is effective to 
prevent the second protecting layer 1042 from being blinded by poisonous 
members. 

Fig. 30 discloses another modified oxygen sensing element having a 
sensing electrode formed in a region other than the distal end of the sensing 
element. 

As shown in Fig. 30, the oxygen sensing element 1001 has the sensing 
electrode 1011 whose lower end is spaced away from the element tip 1159 by 
an altitudinal distance of 3mm. The upper end of the sensing electrode 1011 is 
located at the 0.40L (=10 mm) position. 

As described in the foregoing description, the sensing electrode 1011 is 
connected via the lead portion 1111 to the terminal portion 1112. The lead 
portion 1111 has a circumferential width of 1.5 mm. The terminal portion 1112 
has a circumferential width of 7 mm and a longitudinal length of 4 mm. The gas 
receiving surface region 1013 has the length L of 25mm. Although not shown 
in the drawing, the heat generating portion 1020 of the heater 1002 has the 
length L2 of 4.0 mm. The central position of the heat generating portion 1020 
is 5mm away from the element tip 1159. A clearance of 0.2 mm is provided 
between the heater 1002 and the inner surface 1160. The sensing electrode 
1011 has a thickness of 1.5 jum. 

The rest is substantially the same as the arrangement disclosed in the 
above-described embodiment. 

According to this arrangement, the distal end of the oxygen sensing 
element 1001 is semispherical. If the pad printing is applied, transferring a Pt 
paste to this semispherical portion will be difficult and it may be necessary to 
perform the pad printing repetitively. However, this arrangement has no 
electrode in the distal end region. Thus, the manufacturing is easy. 

Figs. 31A and 31B disclose another modified oxygen sensing element 
having a sensing electrode partly formed on a circumferential surface of the 
solid electrolytic body. 

As shown in Figs. 31 A and 3 IB, the oxygen sensing element 1001 has 
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the sensing electrode 1011 extending from the element tip 1159 to the 0.40L 
(=10 mm) position. The sensing electrode 1011 has a circumferential width of 
3 mm. 

As described in the foregoing description, the sensing electrode 1011 is 
connected via the lead portion 1111 to the terminal portion 1112. The lead 
portion 1111 has a circumferential width of 1.5 mm. The terminal portion 1112 
has a circumferential width of 7 mm and a longitudinal length of 4 mm. The gas 
receiving surface region 1013 has the length L of 25mm. Although not shown 
in the drawing, the heat generating portion 1020 of the heater 1002 has the 
length L2 of 4.0 mm. The central position of the heat generating portion 1020 
is located at an altitudinal distance of 5 mm from the element tip 1159. A 
clearance of 0.2 mm is provided between the heater 1002 and the inner surface 
1160. The sensing electrode 1011 has a thickness of 1.5 jum. 

The rest is substantially the same as the arrangement disclosed in the 
above-described embodiment. 

According to this arrangement, the area of sensing electrode 1011 can be 
minimized. This is effective to reduce the total amount of the expensive noble 
metal. The manufacturing cost can be reduced. 

It is possible to equalize the widths of the sensing electrode 1011, the 
lead portion 1111 and the terminal portion 1112. 

Figs. 32A and 32B show an oxygen sensing element having a platelike 
heater having a rectangular cross section. 

As shown in Fig. 32A, the oxygen sensing element 1001 has the cup- 
shaped solid electrolytic body 1015, the sensing electrode 1011 formed on the 
outer surface 1150 of the solid electrolytic body 1015, and the reference gas 
chamber 1016 formed in the solid electrolytic body 1015. 

A multilayered heater 1002, comprising a heat generating portion formed 
by printing on an A1 2 0 3 substrate having a rectangular cross section, is 
disposed in the reference gas chamber 1016. 

As shown in Fig. 32B, a clearance Wa (=1.0 mm) is provided between 
the wide face of the heater 1002 and the inner surface 1160 of the solid 
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electrolytic body 1015. A clearance Wb (=0.85 mm) is provided between the 
narrow face of the heater 1002 and the inner surface 1160. 

The heat generating portion of the heater 1002 has the length L2 of 9mm. 
The central position of the heat generating portion is 7mm away from the 
element tip 1159. 

In this case, the clearance between the heater 1002 and the solid 
electrolytic body 1015 is expressed by an average of the distances from 
respective faces of the heater 1002. The rest is substantially the same as the 
arrangement disclosed in the above-described embodiment. 

Figs. 33 and 34 show another multilayered oxygen sensing element 
which comprises a platelike solid electrolytic body 1045, a sensing electrode 
1044 formed on an outer surface 1450 of the solid electrolytic body 1045, and 
a reference electrode 1046 formed on an inside surface 1460 of the solid 
electrolytic body 1045. A first protecting layer 1048 and a second protecting 
layer 1049 cover the upper surface of the sensing electrode 1044. The sensing 
electrode 1044 and the reference electrode 1046 are fabricated by the same 
method as that disclosed in the above-described embodiment. 

A spacer 1465 is stacked on the inner surface 1460 of the solid 
electrolytic body 1045 so as to define a reference gas chamber. A heater 1047 
is stacked on the spacer 1465. The heater 1047 comprises a heater substrate 
1471 of A1 2 0 3 ceramic sheet, a plurality of heat generating elements 1470 
disposed on the surface of the heater substrate 47, and a cover substrate 1472 
covering the heat generating elements 470. The heater substrate 1471 can be 
fabricated by press forming, injection forming or sheet forming. 

A lead portion 1411 and a terminal portion 1412 are formed on the outer 
surface 1450 of the solid electrolytic body 1045 to transmit a sensing signal 
from the sensing electrode 1044. 

A lead portion 1421 is formed on the inner surface 1460 of the solid 
electrolytic body 1045 to transmit a reference signal from the reference 
electrode 1046. The lead portion 1421 is electrically connected to a terminal 
1423 formed on the outer surface 1450 via a through hole 1425. 
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The sensing electrode 1044 is 8mm in length LI and 4mm in width. The 
heat generating portion of the heater 1047 is 7mm in length L2 and 5mm in 
width. 

The sensing electrode 1044 is spaced by a distance of 1mm away from 
the distal end of the solid electrolytic body 1045. The central position of the 
heat generating portion is 5mm away from the distal end of the solid 
electrolytic body 1045. The gas receiving surface region 1051 has a length L 
of 20mm. Th rest is substantially the same as the arrangement disclosed in the 
above-described embodiment. 

According to this arrangement, the oxygen sensing element 1004 has a 
short activation time because the heater 1047 and the solid electrolytic body 
1045 are integrated. 

The present invention can be applied to any other multilayered oxygen 
sensing element, such as a 2-cell type multilayered oxygen sensing element 
comprising a plurality of solid electrolytic layers. 

This invention may be embodied in several forms without departing from 
the spirit of essential characteristics thereof. The present embodiments as 
described are therefore intended to be only illustrative and not restrictive, since 
the scope of the invention is defined by the appended claims rather than by the 
description preceding them. All changes that fall within the metes and bounds 
of the claims, or equivalents of such metes and bounds, are therefore intended 
to be embraced by the claims. 
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